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Description 

[0001 ] This invention relates to rare earth oxide particles for thermal spraying, a sprayed component having a coating 
of the rare earth oxide particles, and a corrosion resistant component comprising the sprayed component. 

5 

BACKGROUND 

[0002] It is a common practice in the art to thermally spray metal oxide particles to metal, ceramic and other substrates 
to form a coating thereof for imparting heat resistance, abrasion resistance and corrosion resistance. - 
io [0003] Conventional methods for preparing particles suitable for thermal spray coating include (1) a method of pro- 
ducing a fused and ground powder by melting a starting material in an electric furnace, cooling the melt for solidification, 
and grinding the solid in a grinding machine into particles, followed by classification for particle size adjustment; (2) a 
method for producing a sintered and ground powder by firing a raw material, and grinding the sintered material in a 
grinding machine into particles, followed by classification for particle size adjustment; and (3) a method for producing 
15 a granulated powder by adding a raw material powder to an organic binder to form a slurry, atomizing the slurry through 
a spray drying granulator, and firing the granules, optionally followed by classification for particle size adjustment. 
[0004] The thermal spraying particles have to meet the requirements that (i) they can be consistently fed at a quan- 
titative rate to the plasma or flame during spraying, (ii) their shape remains undisrupted during the feed and spraying 
(in plasma or flame), and (iii) Ihey are fully melted during spraying (in plasma or flame). These requirements are quan- 
go titatively expressed by more than ten physical parameters of particles. 

[0005] Since the thermal spraying particles are fed to the spray gun through a narrow flowpath such as a transpor- 
tation tube, whether they can be consistently fed at a quantitative rate is largely affected by the fluidity thereof among 
other physical parameters. However, the fused or sintered and ground powder resulting from method (1) or (2) has 
irregular shapes and a broad particle size distribution so that the friction between particles during transportation entails 
25 formation of finer particles. Additionally, the powder has a large angle of repose and poor fluidity so that the transpor- 
tation tube or spray gun can be clogged, preventing continuous thermal spraying operation. 

[0006] Developed as a solution to these problems of the ground powders was the granulated powder obtained by 
method (3) : that is, having the advantage of smooth fluidity due to the spherical or nearly spherical shape of particles. 
The strength of the granulated powder tends to vary over a wide range because it depends on the particle size distri- 
30 bution of a raw material powder and the firing conditions. Particles with a low strength will readily collapse during the 
feed to the spray gun and during the spraying (in the flame or plasma). 

[0007] In the thermal spraying of metal oxide particles, the particles must be completely melted in the flame or plasma 
in order to form a sprayed coating having a high bond strength. Particularly when particles of rare earth oxide are used 
for thermal spraying, because of their high melting point, they must have a smaller average particle size so that they 

35 may be completely melted. 

[0008] In the event where granulated powder is prepared using a spray drying granulator, however, an average 
particle diameter of less than 20 urn is difficult to accomplish. In the event of the fused or sintered and ground powder 
resulting from method (1) or (2), a spray material having a small average particle diameter is obtainable owing to 
grinding in a mill, which can cause contamination. When particles are prepared in a conventional way, it is difficult to 

40 avoid the introduction of impurities at a level of several ten ppm. 

[0009] As mentioned above, the fused/ground powder, sintered/ground powder and granulated powder discussed 
above individually have advantages and disadvantages and are not necessarily optimum as the spray material of rare 
earth oxide. Additionally, the powders of these three types all suffer contamination from the grinding, granulating and 
classifying steps, which is deemed problematic from the high purity standpoint. 

45 [001 0] Specifically, the fused/ground powder, sintered/ground powder or granulated powder having passed the grind- 
ing or granulating and classifying steps contains Impurities such as iron group elements, alkali metal elements and 
alkaline earth metal elements, typically in a content of more than 20 ppm. A sprayed component having a coaling 
obtained by spraying any of these powders is susceptible to corrosion at impurity sites in the coating, failing to provide 
satisfactory durability. 

50 

SUMMARY OF THE INVENTION 

[0011] An object of the invention is to provide thermal spray rare earth oxide particles of high purity which can be 
thermally sprayed to form an adherent coating despite the high melting point of the rare earth oxide. 
55 [001 2] Another object of the invention is to provide a sprayed article having the particles spray coated on a substrate 
surface. The thermal spraying is another aspect. 

[0013] A further object of the invention is to provide a corrosion resistant component using the sprayed component. 
[0014] The invention addresses rare earth oxide particles for thermal spraying. We have found that by controlling 
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the average particle diameter, dispersion index and aspect ratio to specific ranges, and optionally, controlling the surface 
area, bulk density, crystallite size and impurity content to specific ranges, the rare earth oxide particles are improved 
in fluidity and given so high density and strength that the particles are completely melted rather than being collapsed 
during thermal spraying. A coating obtained by thermally spraying the particles is smooth and pure as compared with 
conventional sprayed coatings, and offers better adhesion and corrosion resistance. 

[0015] In a first aspect, the invention provides rare earth oxide particles for thermal spraying having an average 
particle diameter of 3 to 20 urn, a dispersion index of up to 0.4, and an aspect ratio of up to 2. Preferably, the particles 
have a specific surface area of 0.3 to 1 .0 m 2 /g, and a bulk density of 30 to 50% of true density. Preferably, crystallites 
in the particles have a size of at least 25 nm. The total amount of iron group elements, alkali metal elements and 
alkaline earth metal elements in the particles is preferably limited to 20 ppm or less. 

[0016] In a second aspect, the invention provides a sprayed component comprising a substrate having a surface 
and a coating of the rare earth oxide particles thermally sprayed on the substrate surface. The substrate is typically 
made of a metal material selected from the group consisting of Al, Fe, Si, Cr, Zn, Zr, Ni and alloys thereof, or a ceramic 
or glass material. The coating preferably has a surface roughness of up to 60 um. 

[0017] A corrosion resistant component comprising the sprayed component is also contemplated herein. Also, the 
use of the particles for thermal spraying. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 8] In the invention, particles for thermal spraying are formed of a rare earth oxide. As used herein, the term "rare 
earth" encompasses rare earth elements of Group 3A in the Periodic Table inclusive of yttrium (Y). The rare earth 
elements may be used alone or in admixture. It is understood that compound oxides of the rare earth combined with 
at least one metal selected from Al, Si, Zr, In, etc. are also useful for the inventive particles. 

[0019] The rare earth oxide particles should have an average particle diameter of 3 to 20 \xm, and especially 7 to 16 
urn If the average particle diameter is less than 3 u,m, fine particles may evaporate or scatter in the plasma flame 
during spraying, resulting in a corresponding loss. If the average particle diameter exceeds 20 p.m, some particles may 
remain unmelted (not completely melted) in the plasma flame during the spraying step and thus form non-fused par- 
ticles, resulting in a low bond strength. 

[0020] It is noted that particles have a particle size distribution as measured by a laser diffraction analyzer in which 
a particle diameter D90, D50 and D10 corresponds to 90%, 50% and 10% by weight accumulation, respectively. As 
used herein, the "average particle diameter" is a diameter D50 corresponding to 50 wt% accumulation. 
[0021] The rare earth oxide particles have a spherical or generally spherical shape and a narrow particle size distri- 
bution. Specifically, the particles should have a dispersion index of up to 0.4 and an aspect ratio of up to 2. The dispersion 
index is defined as: 

Dispersion index = (D90-D10)/(D90+D10). 

A dispersion index in excess of 0.4 indicates a broad particle size distribution and leads to a disturbance to fluidity so 
that the nozzle to which the powder is fed may be clogged. Preferably the dispersion index is up to 0.3. 
[0022] As used herein, the "aspect ratio" is defined as the ratio of major diameter to minor diameter of a particle, 
that is an index indicating whether the particle shape is approximate to sphere. An aspect ratio of more than 2 indicates 
that particles have a shape dissimilar from sphere, leading to disturbed flow. The lower limit of the aspect ratio is, 
though not critical, preferably close to 1 . 

[0023] In a preferred embodiment, the thermal spray particles of rare earth oxide have a specific surface area of 0.3 
to 1 .0 m 2 /g, and more preferably 0.3 to 0.8 m 2 /g, as measured by the BET method. A surface area In excess of 1 .0 
m 2 /g may lead to deteriorated surface smoothness and poor fluidity. Note that in many cases, rare earth oxide particles 
having an average particle diameter of 3 to 20 pm generally have a specific surface area of at least 0.3 rr^/g. 
[0024] In a further preferred embodiment, the particles have a bulk density of 30 to 50% of true density. A bulk density 
of less than 30% of true density indicates that particles may be less dense and hence, weak enough to collapse upon 
spraying. Even when particles are very dense, few have a bulk density of more than 50% of true density. 
[0025] It is generally believed that single crystal particles arc most dense, and that polycrystalline particles are more 
dense as single crystal grains constituting each particle have a larger grain size. The single crystal grains constituting 
each particle are generally known as crystallites. In the thermal spray particles of rare earth oxide according to the 
invention, the crystallites preferably have a size of at least 25 nm, and more preferably at least 50 nm. When the 
crystallite size is less than 25 nm, polycrystalline particles with such a small single crystal grain size are not regarded 
dense in many cases. Note that the crystallite size is determined by effecting x-ray diffraction analysis and calculating 
according to Wilson method. According to Wilson method, the crystallite size is up to 100 nm at maximum. 
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[0026] When it is desired that a coating formed on a component by spraying the particles impart satisfactory corrosion 
resistance to the coated component. The thermal spray particles of rare earth oxide should preferably have a limited 
impurity content. Specifically, the total content of iron group elements (Fe, Ni, Co, etc.), alkali metal elements (Na, K, 
etc.) and alkaline earth metal elements (Mg, Ca, etc.) in the particles should preferably be up to 20 ppm, more preferably 
5 up to 15 ppm, and especially up to 5 ppm. The lower the total content of these metal elements, the better are the 
results. In most cases, the lower limit is about 0.1 ppm. It is noted that the content of iron group elements, alkali metal 
elements or alkaline earth metal elements is measured by inductively coupled plasma (ICP) emission spectrometry 
after acidolysis of the particles. 

[0027] The thermal spray particles of rare earth oxide are preferably prepared by the following process although the 

10 invention is not limited thereto. 

[0028] First, an aqueous rare earth solution (i.e., an aqueous solution of a water-soluble rare earth salt such as 
chloride, nitrate or sulfate) is mixed with an aqueous oxalic acid solution in such amounts that 1 .5 to 2.0 mol of oxalate 
ions are available relative to the total of rare earth elements. The mixed solution is cooled at a low temperature of -5°C 
to 20°C whereupon crystals precipitate. That is, rare earth oxalate particles having a nearly spherical shape and an 

is average particle diameter of 3 to 20 ujn are obtained. They are dried at -20°C to 20°C by a freeze dryer or the like, 
and fired in air at a temperature of 800 to 1 ,700°C, preferably 1 ,200 to 1 ,600°C, for about 1 to 6 hours, preferably about 
2 to 4 hours, obtaining rare earth oxide particles for thermal spraying. If the total amount of rare earth elements is too 
large (or if the oxalate ion amount is less than 1,5 mol), then the rare earth elements do not completely precipitate, 
leading lo lower yields. If Ihe total amount of rare earlh elements is too small (or if Ihe oxalate ion amounl is more than 

20 2.0 mol), then use of excess oxalic acid is uneconomical. When the amount of oxalate ions relative to the total of rare 
earth elements is within the above-defined range, spherical particles of quality are produced in good yields. 
[0029] The above process does not involve a granulating step and/or a grinding step and thus minimizes the intro- 
duction of contaminants from auxiliary materials and the process equipment. As a consequence, spherical particles of 
high purity are readily produced in which the total content of iron group elements (Fe, Ni, Co, etc.), alkali metal elements 

25 (Na, K, etc.) and alkaline earth metal elements (Mg, Ca, etc.) is up to 20 ppm. 

[0030] As described above, the spray particles of the invention are free fluidic, can be consistently and continuously 
fed through a transportation tube or the like without clogging thereof, have a high density and strength enough to 
withstand collapse in the plasma flame during spraying. In addition, the average particle diameter is so small that the 
particles can be completely melted in the plasma flame during spraying. The high purity and generally spherical shape 

30 of particles ensures that a coating resulting from spraying thereof have a high bond strength and that the coating have 
a reduced surface roughness, typically of up to 60 ujn. 

[0031] In another embodiment, the invention provides a thermally sprayed component comprising a substrate and 
a coating of the rare earth oxide particles thermally sprayed to a surface of the substrate. 

[0032] The material of the substrate is usually selected from metals, ceramics and glass, though not limited thereto. 
35 Examples of metal materials include Al, Fe, Si, Cr, Zn, Zr, Ni and alloys thereof. Examples of ceramics include metallic 
nitride, metallic carbide and metallic oxide such as alumina, aluminum nitride, silicon nitride and silicon carbide. Ex- 
amples of glasses include quartz glass. Substrates of metals or alloys based on Al, Fe, Si or Ni are preferred since 
coatings are less adherent to ceramic and glass substrates. 

[0033] The coating on the substrate surface preferably has a thickness of 50 to 500 u.m, more preferably 1 50 to 300 
40 jxm. A coating thickness of less than 50 pm leads to a likelihood that the sprayed component, on use as a corrosion 
resistant component, must be replaced by a new one just after faint corrosion. A coating of more than 500 jxm thick is 
too thick and has a risk that delamination occurs within it. 

[0034] The coating preferably has a surface roughness of up to 60 |im, more preferably up to 20 |xm. A surface 
roughness of more than 60 u,m presents a larger plasma contact area which may degrade corrosion resistance and 

^5 allow fines to generate with the progress of corrosion. Namely, a coating having a surface roughness of up to 60 urn 
ensures good corrosion resistance sufficient to preclude corrosion even in a corrosive gas atmosphere as typified by 
halide gas plasma. Then the sprayed component is advantageously used as a corrosion resistant component. 
[0035] The spray coated component of the invention is obtainable by plasma or vacuum spraying the rare earth oxide 
particles to the substrate surface to form a coating thereon. The plasma gas used herein is usually selected from 

50 nitrogen/hydrogen, argon/hydrogen, argon/helium and argon/nitrogen, though not limited thereto. The spraying con- 
ditions are not critical and may be determined as appropriate in accordance with the type of substrate and rare earth 
oxide particles used and the desired application of the spray coated component. 

[0036] In the spray coated component, the coating should preferably have a limited total content of iron group ele- 
ments, alkali metal elements and alkaline earth metal elements which is up to 20 ppm. This level is accomplished using 
55 spray particles of rare earth oxide having a total metal element content of up to 20 ppm as described above. Differently 
stated, when coating is formed using spray particles of rare earth oxide having iron group elements, alkali metal ele- 
ments and alkaline earth metal elements introduced at a total content of more than 20 ppm, the iron group elements, 
alkali metal elements and alkaline earth metal elements are incorporated in the coating in the same content as in the 
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starting spray particles. The present invention eliminates this problem. 

[0037] The sprayed component in which the coating has a total metal element content of up to 20 ppm causes least 
contamination and can be used in equipment where a high purity is crucial. More specifically, the sprayed component 
is best suited for use in liquid crystal manufacturing equipment and semiconductor manufacturing equipment, to name 
5 a few. 



EXAMPLE 



w 



[0038] Examples of the invention are given below by way of illustration and not by way of limitation. 
Example 1 



[0039] While 30 liters of a yttrium nitrate solution (0.3 mol/l) cooled at 3°C was agitated at 200 rpm, 30 liter of an 
oxalic acid solution (0.5 mol/l) was slowly added over about 5 minutes for reaction. The solution was aged for 10 
'5 minutes while keeping at 3°C. The resulting yttrium oxalate was collected by filtration, washed with water, and freeze 
dried for 30 hours. The yttrium oxalate was then fired in air at 1 ,500°C for 2 hours, obtaining 990 g of yttrium oxide 
particles. The particles were measured for physical properties including particle diameter and crystallite size, with the 
results shown In Table 1 . The yttrium oxide particles had a true density of 5.03 g/cm 3 . 

[0040] Using an argon/hydrogen gas plasma, the yltrium oxide particles were sprayed lo an aluminum alloy (No. 
20 6061 described in JIS H4000) substrate to form a coating of 210 u.m thick thereon. The coating was examined for 
physical properties and corrosion resistance, with the results shown in Table 2. It is noted that surface roughness Ra 
was measured according to JIS B0601. Corrosion resistance was examined by a test of 24 hour exposure in CF 4 
plasma using a reactive ion etching (RIE) equipment, and expressed by a percentage of the weight of the tested 
component based on the weight of the component prior to the tost. 

25 

Example 2 



[0041] The procedure of Example 1 was repeated except that erbium nitrate was used instead of yttrium nitrate, 
obtaining 1680 g of erbium oxide particles. Physical properties including particle diameter and crystallite size of the 
particles are shown in Table 1 . The erbium oxide particles had a true density of 8.64 g/cm 3 . 

[0042] Using an argon/hydrogen gas plasma, the erbium oxide particles were sprayed to a silicon substrate to form 
a coating of 250 \im thick thereon. The coating was examined for physical properties and corrosion resistance, with 
the results shown in Table 2. 



35 Comparative Example 1 



[0043] In 15 liters of deionized water was dissolved 15 g of polyvinyl alcohol (PVA). 5 kg of yttrium oxide having an 
average particle diameter of 1.2 \im was dispersed therein to form a slurry. Using a nozzle spray granulator, the slurry 
was spray dried to form granules. They were fired at 1 ,600°C for 2 hours, obtaining yttrium oxide particles for thermal 
spraying. Physical properties including particle diameter and crystallite size of the particles are shown in Table 1 . 
[0044] Using an argon/hydrogen gas plasma, the yttrium oxide particles were sprayed to an aluminum alloy substrate 
to form a coating of 250 u,m thick thereon. The coating was examined for physical properties and corrosion resistance, 
with the results shown in Table 2. 



45 Table 1 : 



Particles 




Example 1 


Example 2 


Comparative Example 1 


Average particle diameter (ujn) 


9 


12 


24 


Dispersion index 


0.23 


0.29 


0.49 


Aspect ratio 


1.1 


1.1 


1.1 


Bulk density/T rue density (%) 


42 


46 


26 


BET surface area (m 2 /g) 


0.3 


0.3 


1.2 


Crystallite size (nm) 


50 


60 


20 
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Tabic 1 : (continued) 



Particles 




Example 1 


Example 2 


Comparative Example 1 


CaO (ppm) 


<1 


<1 


5 


Fe 2 0 3 (ppm) 


<1 


<1 


8 


Na 2 0 (ppm) 


<1 


<1 


11 



10 



Table 2: 



15 



20 



25 



30 



35 



40 



Coating 




Example 1 


Example 2 


Comparative Example 1 


Surface roughness (u.m) 


16 


30 


73 


CaO (ppm) 


<1 


<1 


5 


Fe 2 0 3 (ppm) 


<1 


<1 


8 


Na 2 0 (ppm) 


<1 


<1 


11 


Corrosion resistance (%) 


99.91 


99.94 


99.86 



[0045] As seen from Table 1 , the rare earth oxide particles obtained in Examples 1 and 2 have an average particle 
diameter of less than 20 |im, a low dispersion index of less than 0.3, a high purity as demonstrated by very low impurity 
contents of CaO, Fe 2 O a and Na 2 0, and a high bulk density indicative of denseness. In contrast, the rare earth oxide 
particles obtained in Comparative Example 1 have a high dispersion index of 0.5, high impurity contents of Fe 2 0 3 , 
Na 2 0, etc. and a low bulk density. 

[0046] The coatings of sprayed rare earth oxide particles in Examples 1 and 2 have very low impurity contents of 
CaO, Fe 2 0 3 and Na 2 0, as seen from Table 2 and are thus suitable in the application where a high purity is required, 
for example, in liquid crystal manufacturing equipment and semiconductor manufacturing equipment. The sprayed 
component having a coating with a reduced surface roughness is useful as a corrosion resistant component for oper- 
ation in a corrosive gas atmosphere such as halide gas plasma. 

[0047] In contrast, the coating of sprayed particles in Comparative Example 1 has the impurity contents of CaO, 
Fe 2 0 3 and Na 2 0 unchanged from the spray particles and a high surface roughness of 73 fim, as seen from Table 2. 
[0048] The rare earth oxide particles for thermal spraying having an average particle diameter of 3 to 20 ujn, a 
dispersion index of up to 0.4, and an aspect ratio of up to 2 according to the invention can be consistently and contin- 
uously fed to the spray nozzle and completely melted in the plasma flame during the spraying to form a coating on a 
substrate so that the bond strength between the coaling and the substrate may be increased. 
[0049] Japanese Patent Application No. 2001-0801 54 is incorporated herein by reference. 

[0050] Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
either the spirit or scope of the present invention. 
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Claims 



Rare earth oxide particles for thermal spraying having an average particle diameter of 3 to 20 |j.m f a dispersion 
index of up to 0.4, and an aspect ratio of up to 2. 



50 



55 



2. Rare earth oxide particles of claim 1 having a specific surface area of 0.3 to 1 .0 rr^/g. 

3. Rare earth oxide particles of claim 1 or 2 having a bulk density of 30 to 50% of true density. 

4. Rare earth oxide particles of claim 1 , 2 or 3 wherein crystallites have a size of at least 25 nm. 

5. Rare earth oxide particles according to any one of the preceding claims wherein the total amount of iron group 
elements, alkali metal elements and alkaline earth metal elements combined is not more than 20 ppm. 
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6. An article comprising a substrate having a surface and a coating of the rare earth oxide particles of any one of 
claims 1 to 5 thermally sprayed on the substrate surface. 

7. An article of claim 6 wherein said substrate is made of a metal material selected from the group consisting of Al, 
Fe, Si, Cr, Zn, Zr, Ni and alloys thereof, or a ceramic or glass material. 

8. An article of claim 6 or 7 wherein said coating has a surface roughness not more than 60 ujti. 

9. A corrosion resistant device, article, component or material comprising a sprayed article of any one of claims 6 to 8. 

10. Use of particles according to any one of claims 1 to 5 in thermal spraying to form a coating on a substrate. 

11. A method comprising the preparation of particles according to any one of claims 1 to 5. 
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